Beneficial effects of low-flow perfusion resumed early after zero-flow ischemia on myocardial energy metabolism and mechanical function: 31P-NMR study in the isolated perfused rat heart.
Effects of low-flow perfusion after zero-flow ischemia on myocardial mechanical function and energy metabolism were studied with 31P nuclear magnetic resonance spectroscopy, using isolated perfused rat hearts. After control perfusion, hearts were randomly divided into five experimental groups: Groups I and II were subjected to zero-flow ischemia of 40 and 60 min, respectively. In groups III-V the perfusion was resumed at a rate of 0.1 ml/min after 40 (group III), 30 (group IV) and 20 (group V)-min of zero-flow ischemia in order to compare the effects of low-flow perfusion with those of persistent zero-flow. After these interventions all the hearts were perfused for 40 min at a normal flow rate. Compared with the hearts exposed to total ischemia of 60 min, the preservation of high energy phosphate compounds (HEP) was better in groups with early low-flow perfusion; Creatine phosphate (CrP) levels, which had decreased rapidly after induction of zero-flow ischemia, increased gradually after initiation of the low-flow perfusion and reached significantly higher levels at the end of ischemic period in groups IV and V than in group II (p less than 0.05). The decrease in adenosine triphosphate (ATP) was likewise significantly suppressed by low-flow perfusion (groups IV and V greater than group II). Restoration of CrP levels after complete reperfusion was also significantly greater in group V than in group II. The recovery of ATP after complete reperfusion was also much better in group V being comparable to those in group I, although the total duration of ischemia was longer in group V than in group I. These results indicate the beneficial effects of low-flow perfusion on the preservation during ischemia and recovery after reperfusion of myocardial HEP.